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JACKETED TORQUE BALANCED 
ELECTROMECHANICAL CABLE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This Application claims priority to U.S. Provisional 
Patent Application Ser. No. 62/005,686, filed on May 30, 
2014, to Pourladian, Bamdadet al., entitled “Jacketed Torque 
Balanced Electromechanical Cable currently pending, the 
entire disclosure of which is incorporated herein by reference. 

FIELD OF THE INVENTION 

0002 The present invention relates to electromechanical 
cables, and in particular an electromechanical cable that is 
torque balanced, crush-resistant and jacketed and has particu 
lar utility for providing power to down-hole apparatuses in the 
extraction of Subterranean natural resources. 

BACKGROUND OF THE INVENTION 

0003 Electromechanical cable is commonly used to pro 
vide electricity to down-hole apparatuses in the oil and gas 
industry as well as numerous other Subterranean activities. 
These types of down-hole or down-well applications nor 
mally have present elevated pressures requiring sealing of any 
entrance. As a result, the entrance of the electromechanical 
cable into the well must be sealed. Furthermore, as the cable 
is lowered into the well, a continuous seal must be main 
tained. 
0004 An existing and common method for maintaining 
the seal of the cable entrance is to pack the interface with 
grease. Grease is a petroleum product that has a detrimental 
effect on the Surrounding environment it comes into contact 
with. In addition, it is difficult to remove the grease from the 
outer surface of an electromechanical cable when the cable is 
retrieved and re-wound during its introduction and removal 
from the oil or gas well. 
0005. It is also advantageous for such electromechanical 
cables to be crush-resistant so that the integrity of the seal can 
be maintained during use. This crush-resistance is also par 
ticularly advantageous where an electromechanical cable 
includes fiber optic data lines, which is common in the indus 
try. 
0006. In addition, down-hole oil and gas wells can com 
monly extend thousands of feet, thus requiring an electrome 
chanical cable capable of functioning properly while extend 
ing Such a distance. 
0007 Accordingly, a need exists for an electromechanical 
cable needing no or little grease for use in down-hole or 
down-well applications. Additionally, a need exists for a 
crush-resistant electromechanical cable so that the cross-sec 
tion remains consistent to maintain the grease-less seal and to 
protect the integrity of fiber optic data lines that can be incor 
porated into the cable. In addition, because electromechanical 
cables can extend thousands of feet into an oil or gas well, 
there is a need in the art for a torque-resistant construction, 
allowing for increased cable lengths. 

SUMMARY OF THE INVENTION 

0008. One objective of the present invention is to provide 
an electromechanical cable Suitable for use in Subterranean 
environments, especially for down-well applications. 
Another object of the present invention is to provide an elec 
tromechanical cable that can be used in down-well applica 
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tions in conjunction with a sealed cable entrance with the use 
of little or no grease while maintaining the integrity of the 
sealed entrance. Another object of the present invention is to 
provide an electromechanical cable suitable that is crush 
resistant to maintain the integrity of a sealed entrance in 
down-well applications and protect fiber optic lines incorpo 
rated into the cable. Another objective of the present invention 
is to provide an electromechanical cable that is torque-bal 
anced to allow for extended cable lengths commonly required 
in Subterranean down-well applications. 
0009. The present invention generally relates to a torque 
balanced electromechanical cable comprising a cable core 
Surrounded by a plurality of jacket layers and armor layers. 
The arrangement and configuration of the jacket layers and 
armor layers facilitate the creation of torque-balanced and 
crush-resistant properties in the cable. 
0010. According to one embodiment of the present inven 
tion, the cable core comprises a conductor Surrounded by a 
first jacket layer made from plastic or similar wire coating 
materials. The conductor can be a single wire or a plurality of 
stranded wires. Extruded onto the cable core can be a second 
jacket layer made from plastic or similar coating material. A 
plurality of wires is wrapped around the second jacket layer to 
form a first armor layer having a specified lay direction. The 
wires are compressed partially into the second jacket layer 
creating a better bond between the second jacket layer and 
first armor layer and removing Void spaces between the wires 
of the first armor layer. The first armor layer can then be 
surrounded by a third jacket layer. The third jacket layer can 
be an extruded plastic or similar coating material and can fill 
any Voids existing on the exterior of the first armor layer to 
allow for better adhesion between the layers. 
0011. A second armor layer, having a specified lay direc 
tion, can be formed around the third jacket layer. In one 
embodiment of the present invention, the second armor layer 
comprises a plurality of 3-wire strands circumferentially 
spaced around the third jacket layer. In another embodiment, 
the second armor layer comprises a plurality of single wires 
circumferentially spaced around the third jacket layer. In yet 
another embodiment, a combination of 3-wire Strands and 
single wires are used to construct the second armor layer. The 
second armor layer can be wrapped around the third jacket 
layer with a lay direction opposite that of the first armor layer 
to achieve greater torque balance of the electromechanical 
cable. The second armor layer can then be surrounded by a 
fourth jacket layer comprising a plastic or similar coating 
material to complete the torque balanced electromechanical 
cable. The fourth jacket layer is extruded onto the second 
armor layer and Surrounds the wires and/or Strands, filling any 
void spaces between the wires and/or strands of the second 
armor layer. 
0012. Other aspects and advantages of the present inven 
tion will be apparent from the following detailed description 
of the preferred embodiments and the accompanying drawing 
figures. 

DESCRIPTION OF THE SEVERAL VIEWS OF 
THE DRAWING 

0013. In the accompanying drawing, which forms a part of 
the specification and is to be read in conjunction therewith in 
which like reference numerals are used to indicate like or 
similar parts in the various views: 
0014 FIG. 1 is a schematic sectional view of an electro 
mechanical cable having an armor layer with alternating sym 
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metric and asymmetric 3-wire Strands in accordance with one 
embodiment of the present invention; 
0.015 FIG. 2 is a schematic sectional view of an electro 
mechanical cable having an armor layer with Z-shaped wires 
in accordance with another embodiment of the present inven 
tion; 
0016 FIG. 3 is a schematic sectional view of an electro 
mechanical cable having an armor layer with trapezoidal 
shaped wires in accordance with another embodiment of the 
present invention; 
0017 FIG. 4 is schematic sectional view of an electrome 
chanical cable having an armor layer with symmetric 3-wire 
strands in accordance with another embodiment of the 
present invention; 
0.018 FIG. 5 is a schematic sectional view of an electro 
mechanical cable having an armor layer with single wires in 
accordance with another embodiment of the present inven 
tion; 
0.019 FIG. 6 is a schematic sectional view of an electro 
mechanical cable having an alternative cable core design in 
accordance with another embodiment of the present inven 
tion; 
0020 FIG. 6A is a schematic sectional view of the elec 
tromechanical cable of FIG. 6 illustrating the cable core: 
0021 FIG. 7 is a schematic sectional view of an electro 
mechanical cable having an alternative embodiment in accor 
dance with another embodiment of the present invention; 
0022 FIG. 7A is a schematic sectional view of the elec 
tromechanical cable of FIG. 7 illustrating the cable core; and 
0023 FIG. 8 is a schematic sectional view of an electro 
mechanical cable having an armor layer with H-shaped wires 
in accordance with another embodiment of the present inven 
tion. 

DETAILED DESCRIPTION OF THE INVENTION 

0024. The invention will now be described with reference 
to the drawing figures, in which like reference numerals refer 
to like parts throughout. For purposes of clarity in illustrating 
the characteristics of the present invention, proportional rela 
tionships of the elements have not necessarily been main 
tained in the drawing figures. 
0025. The following detailed description of the invention 
references specific embodiments in which the invention can 
be practiced. The embodiments are intended to describe 
aspects of the invention in sufficient detail to enable those 
skilled in the art to practice the invention. Other embodiments 
can be utilized and changes can be made without departing 
from the scope of the present invention. The present invention 
is defined by the appended claims and the description is, 
therefore, not to be taken in a limiting sense and shall not limit 
the scope of equivalents to which Such claims are entitled. 
0026. The present invention is generally directed toward a 
torque-balanced electromechanical cable 10 as illustrated in 
various embodiments throughout the figures. Electrome 
chanical cable 10 can comprise a cable core 12 and one or 
more jacket layers and/or armor layers as described in greater 
detail below. As shown in FIG. 1, cable core 12 can include a 
core conductor 14, comprising at least one conductor wire 16, 
and a firstjacket layer 18. As shown in FIG. 1, core conductor 
14 comprises a single conductor wire 16. Alternatively, as 
shown in FIG. 2, core conductor 14 comprises a plurality of 
conductor wires 16. In yet another alternative embodiment, 
cable core 12 can include multiple core conductors 14, as 
shown in FIGS. 6 and 6A, each comprising at least one 
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conductor wire 16, as described in greater detail below. Con 
ductor 14 can also be a fiber in metallic tube (“FIMT), a 
copper conductor or other Suitable conductor for signal and/ 
orpowertransmission. The diameterofconductor 14 can vary 
depending on the desired application of electromechanical 
cable 10. In the embodiment shown in FIG. 4, conductor 
wires 16 each have an approximate diameter of 0.0142 inches 
(0.0361 cm) as commonly used in the art, such that conductor 
14 has a diameter of approximately 0.071 inches (0.180 cm). 
However, larger and smaller diameters for conductor wires 16 
and conductors 14 are considered within the scope of the 
present invention. 
0027. As shown in FIG. 6A, conductor core 12 can have a 
plurality of conductors 100. Each conductor 100 comprises a 
plurality of wires 102 with conductive properties, such as 
copper wires, Surrounded by an insulatorjacket 104. Insulator 
jacket 104 can be constructed from a number of different 
materials or combinations of materials, including but not 
limited to ethylene tetrafluoroethylene (“ETFE), polytet 
rafluoroethylene (“PTFE), ePTFE tape produced by Gore R, 
perfluoroalkoxyalkane (“PFA), fluorinated ethylene propy 
lene (“FEP), or any insulating material now known or here 
after developed. In the embodiment illustrated in FIGS. 6 and 
6A, each conductor 100 comprises seven (7) wires 102 and 
wherein six (6) wires 102 are wrapped around a center wire 
102c. Each conductor 100 can also be compacted in a manner 
similar to that described below with reference to FIG. 7A. 
Plurality of conductors 100 can be oriented within conductor 
core 12. In such an embodiment, six (6) conductors 100 are 
helically wrapped around center conductor 100c. However, a 
person of skill in the art will appreciate that other common 
numbers of plurality conductors 100 may be used. Conductor 
core 12 often includes the number of conductors in a range 
from 1-10 depending upon the down-hole requirements and 
overall diameter of the cable needed. However, any number of 
conductors is within the scope of the present invention. 
0028. As shown in FIGS. 7 and 7A, conductor core 12 can 
comprise a single conductor 100 with a plurality of wires 102 
where conductor 100 is compacted prior to application of an 
insulator jacket 104. Conductor 100 can be compacted to 
smooth or flatten the outer surface of plurality of wires 102. 
As shown in FIG. 7A, the compaction step significantly 
deforms the cross-section of the originally round plurality of 
wires 102 into a generally 'D' or triangular shape wherein 
each exterior wire 102e has a rounded exterior face 110. 
Compaction reduces the voids between wires 102 thereby 
creating a more dense distribution of wires in conductor 100. 
As further shown in FIG. 7A, compaction of wires 102 may 
significantly indent a portion 106 of an outer surface 108 of 
center wire 102c. After plurality of wires 102 are compacted, 
insulatorjacket 104 can be applied to encapsulate plurality of 
wires 102 by co-extruding insulatorjacket 104 over plurality 
of wires 102. 

0029 Cable core 12 can also include a first jacket layer 18 
Surrounding conductor 14. Firstjacket layer 18 comprises any 
jacketing or coating material commonly used in commercial 
wire or wire rope. In the embodiment shown in FIG. 1, first 
jacket layer 18 is constructed from FEP. In alternative 
embodiments, first jacket layer 18 can be constructed from 
other polymers such as ETFE, PFA polymers, polyvinylidene 
fluoride (“PVDF'), perfluoromethoxy polymers, and any 
mixture thereof. 

0030 The thickness of the first jacket layer 18 can vary 
depending on the desired application of electromechanical 
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cable 10. In the embodiments shown in the figures, firstjacket 
layer 18 has a thickness range approximately between 0.005 
inches and 0.035 inches (0.013 cm-0.089 cm). However, 
thicknesses outside this range are within the scope of the 
present invention. 
0031 First jacket layer 18 surrounds conductor 14 to form 
cable core 12. Firstjacket layer 18 can be applied to conductor 
14 by extrusion or any other jacketing method commonly 
used in the art. Such methods can include, but are not limited 
to, taping, Volcanizing, ram extrusion and the like. The overall 
diameter of cable core 12 depends on the diameter of conduc 
tor 14 and the thickness of firstjacket layer 18. In the embodi 
ment shown in FIG. 1, cable core 12 has a diameter of 
approximately 0.098 inches (0.249 cm); however, the diam 
eter of cable core 12 in alternative embodiments can be any 
diameter useful in the art. 

0032. As shown in FIG. 1, cable core 12 is surrounded by 
a second jacket layer 20. Second jacket layer 20 can comprise 
any jacketing or coating material such as FEP, ETFE, PFA, 
PVDF or any combination thereof In the embodiment shown 
in FIG. 1, second jacket layer 20 comprises ETFE. Second 
jacket layer 20 can also include fillers to improve abrasion 
resistance behavior or electrostatic dissipation reduction as 
described above. 
0033 Second jacket layer 20 can be applied to cable core 
12 through extrusion or any otherjacketing method known in 
the art. The thickness of second jacket layer 20 varies depend 
ing on the desired application of electromechanical cable 10, 
and, in the embodiments shown in the figures, second jacket 
layer 20 has a thickness range approximately between 0.005 
and 0.035 inches (0.013 cm-0.089 cm). However, a person of 
skill in the art will appreciate that the range of sizes, thick 
nesses, and diameters set forth throughout this disclosure can 
easily be scaled up or down to result in an electromechanical 
cable of varying layer thickness and overall sizes as desired or 
required for certain applications. 
0034. As shown in FIG. 1, electromechanical cable 10 can 
further include a first armor layer 22 Surrounding second 
jacket layer 20 and disposed there-around. First armor layer 
22 can comprise a plurality of wires 24 helically wrapped 
around second jacket layer 20 and cable core 12. Plurality of 
wires 24 comprising first armor layer 22 can have various 
shapes and configurations depending on the particular appli 
cation of electromechanical cable 10. As shown in FIG. 1, in 
one embodiment, first armor layer 22 comprises a plurality of 
round wires 24a. In another embodiment, as shown in FIG.2, 
first armor layer 22 comprises a plurality of Z-shaped wires 
24b. In yet another embodiment, as shown in FIG. 3, first 
armor layer 22 comprises a plurality of trapezoidal-shaped 
wires 24c. In yet another embodiment, as shown in FIG. 8, 
first armor layer 22 comprises a plurality of alternating round 
wires 24a and H-shaped wires 24d. Plurality of wires 24 can 
have any number of additional shapes or combinations of 
shapes in alternative embodiments of the present invention. 
Plurality of wires 24 can comprise any wire material or type 
commonly used in art, including extra high strength (“EHS) 
wires. The diameter or thickness of each wire 24, and corre 
spondingly the thickness of first armor layer 22, can vary 
depending on the specific application of electromechanical 
cable 10. In one embodiment, as shown in FIG. 1, each wire 
24 has an approximate diameter of 0.04 inches (0.102 cm). 
0035 First armor layer 22 can be wrapped around the 
second jacket layer 20 in various lay configurations depend 
ing on the particular embodiment as described in greater 
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detail below. Once wrapped around the second jacket layer 
20, first armor layer 22 can be compressed into second jacket 
layer 20 such that plurality of wires 24 create indentations in 
second jacket layer 20 and nest therein, as best shown in FIG. 
1. As also shown in FIG. 1, plurality of wires 24 can nest into 
second jacket layer 20 so that a plurality spaces or Voids 26 
between each of plurality of wires 24 is substantially filled. 
The thickness of second jacket layer 20 can be greater than the 
radius of each of plurality of wires 24a or half-depth of each 
of plurality of wires 24b or 24c or 24d in order to ensure that 
first armor layer 22 can be sufficiently compressed into sec 
ond jacket layer 20 to substantially fill plurality of voids 26 
between each of plurality of wires 24. The compression of 
first armor layer 22 into second jacket layer 20 reduces the 
total diameter of electromechanical cable 10. Plurality of 
wires 24 can be wound with either a left or a right lay of 
varying angles. In the embodiment of FIG. 1, plurality of 
wires 24 of first armor layer 22 are applied in a right lay 
configuration at a lay of around 1.4 inches (3.6 cm) and a lay 
angle of around 21.1 degrees; however, other lay configura 
tions, lays, and lay angles can be used. Prior to applying 
additional layers around first armor layer 22, first armor layer 
22 can be cleaned using a plasma cleaning method to improve 
adhesion of the polymer to the wires. 
0036) As further shown in FIG. 1, a third jacket layer 28 
can be disposed around first armor layer 22. Third jacket layer 
28 can be constructed in a similar manner as first and second 
jacket layers 18 and 20 and comprise an FEP, ETFE, PFA 
material or the like. Third jacket layer 28 can also include a 
filler material and be applied through extrusion or any other 
jacketing method known in the art as described above. Third 
jacket layer 26 can fill a plurality of spaces or voids 30 
between plurality of wires 24 on an outer surface 32 of first 
armor layer 22. This can be accomplished during extrusion of 
third jacket layer 22 and/or by compressing third jacket layer 
28 onto plurality of wires 24 of first armor layer 22. This can 
result in the perimeter of plurality of wires 24 being com 
pletely or substantially surrounded by second jacket layer 20 
and third jacket layer 28 as shown in FIGS. 1, 4, and 5. 
0037. The thickness of the third jacket layer 28 can vary 
depending on the desired application of the electromechani 
cal cable 10. In the embodiments shown in the figures, third 
jacket layer 28 has a thickness range approximately between 
0.002 and 0.035 inches (0.005 and 0.089 cm); however thick 
nesses outside this range can also be used depending on the 
particular embodiment. In one embodiment, as shown in FIG. 
1, third jacket layer 28 has a thickness of approximately 0.005 
inches (0.0127 cm). 
0038. As shown in FIG. 1, a second armor layer 34 can be 
helically wrapped around and surround third jacket layer 28. 
Second armor layer 34 can be laid in various configurations 
similar to first armor layer 22 as described in greater detail 
below. Second armor layer 34 can be constructed from dif 
ferent types of wires or wire strands, including symmetric 
3-wire strands 36 as shown in FIG. 4, a-symmetric 3-wire 
strands 38 as shown in FIG. 1, single wires 40 as shown in 
FIG. 5, or any combination thereof. In some embodiments, 
the 3-wire strands 36 and/or 38 can be compacted, as shown 
in FIGS. 1 and 3, to change the perimeter shape and cross 
section of the strands. Compaction can provide a “rounder 
exterior shape of strands 36 and/or 38. Strands 36 and/or 38 
and/or wires 40 can have a spaced configuration so there is a 
void or gap 48 between each of strands 36 and/or 38 and/or 
wires 40 as shown in FIG.1. The wires of 3-wire strands 36 
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and 38 and single wires 40 can comprise any wire or strand 
material or type known in the industry. The wire or strand 
material can include Steel wires, which can be extra high 
strength (“EHS), high-strength steel wires, galvanized steel 
or stainless steel. Aluminum and synthetic wire as known in 
the art can also be used. In some embodiments, the wires used 
within each armor layer can be metallic, synthetic fiber, or 
combination thereof. In one embodiment, the wires and/or 
Strands used in the present electromechanical cable will gen 
erally have a yield strength of around 36 ksi-86 ksi; however, 
wires having other yield strengths can also be incorporated 
into the design. 
0039 Symmetric 3-wire strands 36 can consist of three 
same diameter wires 42, as best shown in FIG. 4. In the 
embodiment shown in FIG. 4, wires 42 have a diameter of 
approximately 0.02 inches (0.051 cm), and strands 36 can 
have an overall diameter of approximately 0.039 inches 
(0.099 cm). In alternative embodiments, wires 42 can have 
diameter approximately between 0.01 inches and 0.10 inches 
(0.025 and 0.254 cm). The diameter can be reduced if 3-wire 
Strands 36 are compacted, as shown in FIG. 3. Larger and 
smaller diameters for wires 42 and strands 36 can be used 
depending on the particular application of the present inven 
tion. Symmetric 3-wire strands 36 can also be twisted or 
otherwise formed as known in the art. 

004.0 Asymmetric 3-wire strands 38 can consist of two 
same diameter wires 44 and one larger diameter wire 46, as 
best shown in FIG. 1. Larger diameter wire 46 can have a 
diameter approximately between 0.01 inches and 0.20 inches 
(0.025 and 0.051 cm), and smaller diameter wires 44 can have 
a diameter approximately between 0.005 inches and 0.10 
inches (0.013 and 0.254 cm), depending on the particular 
embodiment of the present invention. Wires 44 and 46 can be 
constructed with various other diameters; however diameter 
of wire 46 should be greater than the diameter of wires 44 at 
a ratio of approximately 1.25 to 10, and in specific embodi 
ments, approximately 1.333 to 3. Similar to wires 42 of sym 
metric 3-wire strands 36, asymmetric 3-wire strands 38 can 
be twisted or otherwise formed as known in the art. 

0041 Single wires 40 can also be used in second armor 
layer 34 as shown in FIG. 5. Single wires 40 can be con 
structed from Steel, aluminum or other materials commonly 
used to construct wires, including EHS wires. The diameter of 
single wires 40, depending on the particular embodiment of 
the present invention, can have a range approximately 
between 0.02 inches and 0.05 inches (0.051 and 0.127 cm): 
however the diameter can be larger or Smaller depending on 
the desired application of electromechanical cable 10. In the 
embodiment shown in FIG. 5, single wires 40 have a diameter 
of approximately 0.035 inches (0.889 cm). 
0042 Second armor layer 34 can be woundina right lay or 

left lay depending on the particular embodiment of the 
present invention. In one embodiment, second armor layer 34 
is wound with a lay that is opposite of first armor layer 22. The 
opposing lay directions between first and second armor layers 
22 and 34, respectively, can provide greater torque balance in 
electromechanical cable 10. The lay length of second armor 
layer 34 can be approximately between 2.5 inches to 2.6 
inches (6.35 to 6.60 cm) and the lay angle can be approxi 
mately between 18.2 degrees and 18.4 degrees depending on 
the particular embodiment; however, larger or Smaller lay 
lengths and lay angles can be used in alternative embodi 
ments. Second armor layer 34 can also have a helix height 
approximately between 0.207 inches to 0.234 inches (0.526 
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to 0.594 cm, or 70 to 75 percent) and a helix height approxi 
mately between 2.45 inches to 2.55 inches (0.622 to 0.648 
cm) depending on the particular embodiment of the present 
invention. 
0043. Second armor layer 34 can be compressed into third 
jacket layer 28 once wrapping is complete in a manner similar 
to first armor layer 22. After application of secondarmor layer 
34, the outer diameter of the partially assembled present 
electromechanical cable 10 can be approximately between 
0.295-0.316 inches (0.749-0.803 cm), depending on the spe 
cific embodiment. However, as noted above, a person of skill 
in the art will appreciate that scaled variations are within the 
Scope of the present invention. Second armor layer 34 can 
also be plasma cleaned to improve plastic adhesion. 
0044 As shown in FIG. 1, fourth jacket layer 50 can 
surround second armor layer34. Fourth jacket layer 50 can be 
applied through extrusion or any other jacketing method 
known in the art. In one embodiment, fourth jacket layer 50 is 
constructed from ETFE. Fourth jacket layer 50 can penetrate 
into a plurality gaps 48 between strands 36 and/or 38 and/or 
single wires 40 so as to Substantially Surround strands and/or 
wires 36, 38, and/or 40. Fourth jacket layer 50 can also 
include a smooth outer Surface 52. Accordingly, in one 
embodiment, the thickness of fourth jacket layer 50 should 
cover the entirety of second armor layer 34. 
0045. In the embodiment shown in FIG.1, the thickness of 
fourth jacket layer 50 can be around 0.02-0.10 inches 
(0.0508-0.254 cm). However, fourth jacket layer 40 can be of 
other thicknesses in a range from 0.01 to 0.5 inches (0.0254 to 
1.27 cm). The outer diameter of the completed present torque 
balanced electromechanical cable 10 after the application of 
fourth jacket layer 40 can be approximately around 0.333-0. 
365 inches (0.846-0.927 cm), depending on the particular 
embodiment of the present invention. However, as noted 
above, a person of skill in the art will appreciate that scaled 
variations are within the scope of the present invention and 
other final diameters are within the scope of the present inven 
tion. In particular, the present torque balanced electrome 
chanical cable 10 can be configured to have a final outer 
diameter in a range between one-eighth inch and five inches 
(0.318 and 12.700 cm). 
0046. The configuration of the various embodiments of 
electromechanical cable 10 and the lay orientations of the first 
and second armor layers 22 and 34 create a 'torque-balanc 
ing effect in electromechanical cable 10. Theoretical torque 
balance between first armor layer 22 and second armor layer 
24 is achieved by a torque ratio equal to 1. Accordingly, the 
embodiments of the present invention are aimed at achieving 
a torque ratio approximate to 1.0. The embodiment shown in 
FIG. 1 has a torque ratio equal to 1.36. The embodiment 
shown in FIG. 2 has a torque ratio equal to 1.01. The embodi 
ment shown in FIG. 3 has a torque ratio equal to 1.18. The 
embodiment shown in FIG.4 has a torque ratio equal to 1.009. 
Finally, the embodiment shown in FIG. 5 has a torque ratio 
equal to 0.94. 
0047. The following non-limiting examples, with specific 
reference to FIGS. 1, 4, and 5 describe specific particular 
embodiments of electromechanical cable 10; however, alter 
native embodiments or combination of these specific embodi 
ments are within the scope of the present invention. 
0048 FIG. 1 shows one specific embodiment of the 
present invention where second armor layer 34 comprises 
alternating symmetric 3-wire strands 36 and asymmetric 
3-wire strands 38. Core conductor 14 within cable core 12 
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comprises nineteen (19) copper conductor wires 16 of a diam 
eter of approximately 0.0142 inches (0.036 cm). First jacket 
layer 18 is a fluorinated ethylene propylene (FEP) jacket. The 
total diameter of cable core 12 is approximately 0.098 inches 
(0.249 cm). Extruded onto cable core 12 is second jacket layer 
20 having a thickness of approximately 0.019 inches (0.048 
cm) and consisting of ethylene tetrafluoroethylene (ETFE). 
The outer diameter of cable 10 after application of second 
jacket layer 20 is approximately 0.136 inches (0.345 cm). 
Wrapped around second jacket layer 20 is first armor layer 22. 
First armor layer 22 comprises a plurality of wires 24, which 
consists of 12 round wires 24a. Wires 24a are EHS wires with 
a diameter of approximately 0.04 inches (0.102 cm). First 
armor layer 22 is helically wound with a right lay configura 
tion at a lay of approximately 1.4 inches (3.5 cm) and lay 
angle of approximately 21.1 degrees. First armor layer 22 is 
also “pressed into second jacket layer 20 causing round 
wires 24a to indent into second jacket layer 20 thereby com 
pletely filling plurality of voids 26 between wires 24a. 
Extruded onto first armor layer 22 is third jacket layer 28, 
which is an ETFE jacket having a thickness of approximately 
0.005 inches (0.0127 cm). Third jacket layer 28 completely 
fills plurality of voids 30 within first armor layer 22. After 
application of third jacket layer 28, the outer diameter of 
electromechanical cable 10 is approximately 0.226 inches 
(0.574 cm). 
0049. Wrapped around third jacket layer 28 is second 
armor layer 34, which comprises nine compacted symmetric 
3-wire strands 36 and nine non-compacted asymmetric 
3-wire strands 38 configured in an alternating fashion. 
Strands 36 and 38 have an overall dimension of approxi 
mately 0.039 inches (0.099 cm) and are constructed from 
EHS wires. Second armor layer 34 is helically wound in a left 
lay (opposite of first armor layer 22), with the lay being 
approximately 2.6 inches (6.6 cm) and the lay angle being 
approximately 18.38 degrees. The helix height is around 
0.22-0.236 inches (0.56-0.60 cm) and the helix length is 
around 2.55-2.6 inches (6.48-6.60 cm). Once second armor 
layer 34 is wrapped, it is compressed into third jacket layer 
28. Extruded onto second armor layer 34 is fourth jacket layer 
50, which consists of an ETFE jacket having a thickness of 
0.02 inches (0.0508 cm). The lays of the first and second 
armor layers 22 and 34 provide a torque ratio approximately 
equal to 1.36. 
0050 FIG. 4 shows one specific embodiment of the 
present invention where second armor layer 34 comprises 
symmetric 3-wire strands 36. Cable core 12 comprises a 
copper core conductor 14 and an FEP extruded first jacket 
layer 18. Core conductor 14 consists of nineteen 0.0142 inch 
(0.036 cm) diameter copper wires. Extruded onto conductor 
core 14 is second jacket layer 20 comprising ETFE and hav 
ing a thickness of approximately 0.019 inches (0.048 cm). 
First armor layer 22 is helically wrapped around second 
jacket layer 20 and comprises eleven EHS wires 24a, defining 
plurality of wires 24. Each wire 24a has a diameter of 
approximately 0.047 inches (0.119 cm). The clearance 
between wires 24a is approximately 2.3 percent. Wires 24a 
are wound in a right lay direction of approximately 1.7inches 
with a lay angle of approximately 18.3 degrees. First jacket 
layer 22 is pressed into second jacket layer 20 after wrapping 
such that plurality of inner void spaces 26 between wires 24a 
are completely filled by second jacket layer 20. A third thin 
plastic jacket layer 28 is extruded around first armor layer 22. 
Third jacket layer 28 has a thickness of approximately 0.004 
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inches (0.0102 cm) and completely fills plurality of outer void 
spaces 30 created by wires 24a of first armor layer 22. 
0051. A second armor layer 34 is wrapped around third 
jacket layer 28. Second armor layer 34 comprises fourteen 
non-compacted symmetric 3-wire strands 36 having a strand 
diameter approximately equal to 0.043 inches (0.109 cm). 
Each wire in 3-wire strands 36 are EHS wires with a diameter 
approximately equal to 0.020 inches (0.051 cm). Three-wire 
strands 36 are formed with a right lay direction with a 0.3 inch 
(0.762 cm) lay and 13.5 degree lay angle. Once each 3-wire 
strand 36 is formed, second armor layer 34 is wrapped around 
third jacket layer 28 in a left lay direction with a lay length of 
approximately 2.55 inches (6.48 cm) and a lay angle of 
approximately 18.3 degrees. The helix height is around 
0.218-0.234 inches (0.554-0.594 cm) and the helix length is 
around 2.50-2.55 inches (6.35-6.48 cm). The clearance 
between strands 36 is approximately 35%. Extruded around 
second armor layer 34 is fourth jacket layer 50 completely 
filling plurality of void spaces 48 created around the exterior 
of 3-wire strands 36. Fourth jacket layer 50 is an ETFE jacket 
with a thickness approximately equal to 0.02 inches (0.051 
cm). The final diameter of electromechanical cable 10 is 
around 0.349-0.355 inches (0.886-0.902 cm) and has a torque 
ratio approximately equal to 1.009. 
0052 FIG. 5 shows one specific embodiment of the 
present invention where second armor layer 34 comprises 
single wires 40. The cable core 12, second jacket layer 20, 
first armor layer 22, and third jacket layer 28 are constructed 
identical to cable core 12, second jacket layer 20, first armor 
layer 22, and third jacket layer 28 of the previously described 
embodiment. Contrary to the previously described embodi 
ment, second armor layer 34 in the present embodiment com 
prises twelve single EHS wires 40, each with a diameter 
approximately equal to 0.035 inches (0.089 cm). Second 
armor layer 34 is helically wrapped around third jacket layer 
28 in a left lay direction with a lay length of approximately 
2.50 inches (6.35 cm) and a lay angle of approximately 18.2 
degrees. The helix height is approximately 0.207-0.222 
inches (0.526-0.564 cm) and the helix length is approxi 
mately 2.45-2.50 inches (6.22-6.35 cm). A fourth ETFE 
jacket layer 50 with a 0.020 inch-thickness (0.051 cm) is 
extruded onto second armor layer 34 to complete the con 
struction of electromechanical cable 10. Fourth jacket layer 
50 fills plurality of void spaces 48 created by wires 40 of 
second armor layer34. The final diameter of electromechani 
cal cable 10 is approximately 0.333-0.339 inches (0.846-0. 
861 cm) and the torque ratio is approximately 0.94. 
0053. The configuration of second armor layer 34 results 
in a Substantial improvement in the mechanical adhesion 
between second armor layer 34 and fourth jacket layer 50. 
This increase in adhesion can be a result of increased pen 
etration of fourth jacket layer 50 into plurality voids or spaces 
48 of second armor layer 34. Additionally, the size of the 
helical channels and grooves created using symmetrical 
strands 36, asymmetrical strands 38, and/or single wires 40. 
This adhesion can be improved by configuring second armor 
layer 34 with alternating 3-wire strands 36, 38 and/or single 
wires 40 as shown in FIG. 1. 

0054 The induced torque of the present torque balanced 
electromechanical cable 10 can be minimized by balancing 
the amount of the torque in first armor layer 22 and second 
armor layer 34. Torque balancing can also be achieved 
through the one or more second, third, and fourth jacket layers 
20, 28, and 50, respectively, locking the location of the wires 
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of first and second armor layers 22 and 34 respectively, in 
place and/or filling the plurality of Voids and grooves in the 
wire strands. In one embodiment, fourth jacket layer 50 has 
more impact on the torque-resistance than the other jacket 
layers. As such, the present torque balanced electromechani 
cal cable 10 experiences a reduced tendency of the cable to 
rotate when axially tensioned. 
0055 Additionally, when all of the voids, grooves and 
spaces between the wires are filled with the jacket layers, the 
electromechanical cable can be crush-resistant. This feature 
is particularly important when FIMT is included in cable core 
12 to allow for better data transfer and maintained data trans 
fer while the present cable is in use. 
0056. From the foregoing, it will be seen that this inven 
tion is one well adapted to attain all the ends and objects 
hereinabove set forth together with other advantages which 
are obvious and which are inherent to the structure. It will be 
understood that certain features and Sub combinations are of 
utility and can be employed without reference to other fea 
tures and Sub combinations. This is contemplated by and is 
within the scope of the claims. Since many possible embodi 
ments of the invention can be made without departing from 
the scope thereof, it is also to be understood that all matters 
herein set forth or shown in the accompanying drawings are to 
be interpreted as illustrative and not limiting. 
0057 The constructions described above and illustrated in 
the drawings are presented by way of example only and are 
not intended to limit the concepts and principles of the present 
invention. Thus, there has been shown and described several 
embodiments of a novel invention. As is evident from the 
foregoing description, certain aspects of the present invention 
are not limited by the particular details of the examples illus 
trated herein, and it is therefore contemplated that other modi 
fications and applications, or equivalents thereof, will occur 
to those skilled in the art. The terms “having and “including 
and similar terms as used in the foregoing specification are 
used in the sense of “optional' or “may include and not as 
“required. Many changes, modifications, variations and 
other uses and applications of the present construction will, 
however, become apparent to those skilled in the art after 
considering the specification and the accompanying draw 
ings. All Such changes, modifications, variations and other 
uses and applications which do not depart from the spirit and 
scope of the invention are deemed to be covered by the inven 
tion which is limited only by the claims which follow. 
What is claimed is: 
1. An electromechanical cable comprising: 
a core comprising at least one conductor and a first jacket 

layer Surrounding said at least one conductor, 
a second jacket layer Surrounding said core; 
a first armor layer Surrounding said second jacket layer, 

said first armor layer comprising a plurality of wires 
wrapped around said second jacket layer and com 
pressed to indent said second jacket layer; 

a third jacket layer Surrounding said first armor layer, said 
third jacket layer Substantially Surrounding said wires of 
said first armor layer; 

a second armor layer Surrounding said third jacket layer; 
and 

a fourth jacket layer Surrounding said second armor layer. 
2. The electromechanical cable of claim 1 wherein said 

second armor layer comprises a plurality of 3-wire Strands 
wrapped around said third jacket layer. 
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3. The electromechanical cable of claim 1 wherein said 
second armor layer comprises a plurality of single wires 
wrapped around said third jacket layer. 

4. The electromechanical cable of claim 2 wherein at least 
one of said plurality of 3-wire Strands is compacted. 

5. The electromechanical cable of claim 2 wherein said 
plurality of 3-wire strands comprises symmetrical 3-wire 
Strands and asymmetrical 3-wire Strands alternatively 
arranged. 

6. The electromechanical cable of claim 5 wherein said 
asymmetrical 3-wire Strands comprise two wires having a 
first diameter and one wire comprising second diameter, 
wherein said first diameter is less than said second diameter. 

7. The electromechanical cable of claim 1 wherein said first 
armor layer is wrapped around said second jacket layer with 
a first lay direction and said second armor layer is wrapped 
around said third jacket layer with a second lay direction, and 
wherein said first lay direction is opposite said second lay 
direction. 

8. The electromechanical cable of claim 1 wherein said first 
armor layer comprises round wires. 

9. The electromechanical cable of claim 1 wherein said first 
armor layer comprises trapezoid-shaped wires. 

10. The electromechanical cable of claim 1 wherein said 
first armor layer comprises Z-shaped wires. 

11. The electromechanical cable of claim 1 wherein said 
first armor layer comprises H-shaped wires. 

12. An electromechanical cable comprising: 
a core conductor comprising a plurality of conductor wires; 
a first jacket layer Surrounding said core conductor; 
a second jacket layer Surrounding said first jacket layer; 
a first armor layer comprising a plurality of wires wrapped 

around said second jacket layer with a first lay direction 
and compressed to indent said second jacket layer; 

a third jacket layer Surrounding said first armor layer; 
a second armor layer comprising a plurality of wires 
wrapped around said third jacket layer with a second lay 
direction and compressed to indent said second jacket 
layer; and 

a fourth jacket layer Surrounding said second armor layer, 
said fourth jacket layer having a smooth outer Surface; 

wherein said first lay direction is opposite said second lay 
direction. 

13. The electromechanical cable of claim 12 wherein said 
plurality of wires of said second armor layer comprises a 
plurality of symmetric 3-wire Strands spaced around said 
third armor layer. 

14. The electromechanical cable of claim 12 wherein said 
plurality of wires of said second armor layer comprises a 
plurality of single wires space around said third armor layer. 

15. A method for manufacturing a torque-balanced elec 
tromechanical cable comprising: 

providing an electromechanical core comprising at least 
one conductor and a firstjacket layer Surrounding said at 
least one conductor; 

applying a second jacket layer over said first jacket layer, 
wrapping a first armor layer around said second jacket 

layer; 
compressing said first armor layer into said second jacket 

layer; 
applying a third jacket layer over said first armor layer; 
wrapping a second armor layer Surrounding said third 

jacket layer; 
applying a fourth jacket layer over said secondarmor layer. 



US 2015/0348677 A1 

16. The method for manufacturing a torque-balanced elec 
tromechanical cable of claim 15 further comprising com 
pressing said second armor layer into said third jacket layer. 

17. The method for manufacturing a torque-balanced elec 
tromechanical cable of claim 15 wherein the step of wrapping 
said first armor layer comprises wrapping said first armor 
layer around said second jacket layer in a first lay direction 
and wherein the step of wrapping said second armor layer 
comprises wrapping said second armor layer around said 
third jacket layer in a second lay direction, wherein said first 
lay direction is opposite said second lay direction. 

18. The method for manufacturing a torque-balanced elec 
tromechanical cable of claim 15 wherein the applying said 
second, third, and fourth jacket layer steps comprises extrud 
ing said second, third, and fourth jacket layer. 

19. The method for manufacturing a torque-balanced elec 
tromechanical cable of claim 15 further comprising cleaning 
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one of the first and second armor layers with plasma prior to 
applying one of said third jacket layer and said forth jacket 
layer. 

20. The method for manufacturing a torque-balanced elec 
tromechanical cable of claim 15 wherein said first armor layer 
comprises a plurality of wires, and wherein the step of com 
pressing said first armor layer into said second jacket layer 
includes filling at least one void between adjacent wires of 
said plurality of wires. 

21. The method of manufacturing a torque-balanced elec 
tromechanical cable of claim 15 wherein said second armor 
layer comprises a plurality of wires, and wherein the step of 
applying said fourth jacket layer over said second armor layer 
includes filling at least one void between adjacent wires of 
said plurality of wires. 
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